INTRODUCTION
TSC-36 is an extracellular glycoprotein belonging to the BM-40/SPARC/osteonectin family of proteins containing both extracellular calcium-binding (EC) 1 and follistatin-like (FS) domains (1) . The other members of this family are the glycoproteins BM-40/SPARC/osteonectin (2), SC1/hevin (3), QR1 (4) and SMOC-1 (5) and -2 (6) as well as the proteoglycans testican-1 (7), -2 (8) and -3 (9) (Fig.1 ). For several of the members the calciumbinding domain, comprising two EF-hands, has been shown to be functional and for BM-40
and SC-1 an affinity for collagens was shown, leading to an anchorage of these proteins in extracellular matrix structures (10, 11) . For BM-40 the binding was shown to be calciumdependent and a collagen-binding surface could be mapped on the EC domain. The many proposed functions of this protein family include inhibition of cell adhesion, influencing tumor invasion and metastasis, growth factor binding and protease inhibition (12, 13) .
TSC-36 is one of the family members with the least similarity to BM-40. The Nterminal region consists of only 12 amino acid residues and the FS and EC domains are followed by a C-terminal domain with homology to the von Willebrand Factor C (VWC)
domain. TSC-36 (TGF-stimulated clone 36) was first cloned as a TGF-induced protein from a mouse osteoblast cell line (1) . It was shown that the expression of TSC-36 in fibroblasts could be suppressed through transfection with the oncogenes v-ras and v-myc, while v-src, v-raf and v-abl did not have any influence (14) . In aggressive, strongly proliferating lung cancer cells TSC-36 mRNA could not be demonstrated and overexpression Serum-free conditioned media, harvested 48 h after replacement of the serum-containing medium, were submitted to SDS-PAGE on 12% gels under reducing conditions. Proteins were transferred electrophoretically onto nitrocellulose and incubated with affinity-purified antibodies to TSC-36, followed by a swine anti-rabbit IgG coupled to peroxidase (DAKO).
Purification of the EC-VWC Domain

SDS-Polyacrylamide Gel Electrophoresis-SDS-PAGE
ECL chemoluminescence (Amersham Biosciences) was used to detect peroxidase activity. As a last step in the chromatographic purification of full-length TSC-36 from cell culture medium, the protein was applied to a ResourceQ ion exchanger in 50 mM TrisHCl, pH 9.5. Under those conditions the material eluted in two distinct peaks at 0.15 and 0.2 M NaCl, respectively, indicating a heterogeneity (Fig. 2 A) . Rechromatography of pools made from the first and second peak resulted in their elution in identical positions as in the initial run ( Fig. 2 Conformation of TSC-36-For each of the recombinant proteins circular dichroism spectra were recorded in the far UV region. For full-length TSC-36 and the EC-VWC domain pair the measurements were made on pools containing both isoforms. No significant differences could be discerned between the spectra recorded in the presence of 2 mM calcium chloride and after addition of excess EDTA (Fig. 4) . The spectrum for the full-length TSC-36
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was typical for a protein with high -helical content, with a minimum at 208 nm and a shoulder at 222 nm. The EC domain and the EC-VWC domain pair showed similar spectra, but with higher contents of -sheet, indicating that -structure predominates in the VWC domain ( Table 1 ).
The apparent lack of conformational changes upon removal of calcium indicated that the EC domain in TSC-36 may not be functional in calcium binding, but could also be due to that a change is too small or too local to be detected by circular dichroism spectroscopy. We therefore also measured intrinsic fluorescence at calcium saturation or depletion. The amino acid sequence of TSC-36 contains eight tyrosines and four tryptophans that are distributed between domains so that all three recombinant proteins are able to give signals in fluorescence spectroscopy. Only minor, non-reversible changes in fluorescence intensity were observed, again indicating a lack of calcium-dependent conformational changes (Fig. 4) .
Mass Spectrometry Analysis of TSC-36 and its Posttranslational Modifications-The
mass of each of the recombinant TSC-36 derived proteins was determined by MALDI-TOF mass spectroscopy and compared with the theoretical mass calculated from the amino acid sequence ( Table 2 ). For each protein the measured mass was at least 20% higher than the To determine the potential usage of the four N-glycosylation and two O-glycosylation sites both isoforms of full length TSC-36 were digested with trypsin and the peptides analysed by MALDI-TOF mass spectrometry. The identified peptides covered 86% of the amino acid residues in TSC-36 A and 80% of those in TSC-36 B (Fig. 5) . The seven C-terminal residues could not be recovered, probably because of the presence of multiple trypsin cleavage sites in this region of the sequence, likely to result in very small fragments. Peptides spanning the regions of the protein corresponding to Asn142, 173 and 178 were missing in both isoforms,
indicating that these N-glycosylation sites are used. On the other hand, peptides were found containing Asn221 and Ser101 and 105. This result does, however, not exclude that these sites are used in some of the protein molecules. The peptide Gly272 -Lys281 was recovered only from the A isoform, but the two threonine residues at positions 275 and 277 in this peptide gave low scores in NetOGlyc and are unlikely to be substituted.
Sialic Acid Content and Structure of TSC-36 N-Glycans-N-Glycans were
enzymatically released from the A and B isoforms of TSC-36 and labelled with the fluorescent dye 2-aminobenzamide for detection. Sialo-structures were separated by anion exchange HPLC (Fig. 6) , which revealed glycans with up to four sialic acid residues. The Nglycans from the TSC-36 B isoform had a significantly higher sialic acid content that those from the A isoform (Table 3 ). The sialic acid residues could be efficiently removed from the isolated N-glycans by neuraminidase digestion (Fig. 6 ). When the neuraminidase was applied to the full-length TSC-36 A and B isoforms these eluted at the exactly same position upon ion exchange FPLC on a ResourceQ column, indicating that differences in sialic acid content is the sole cause of the two charge isoforms (not shown).
The neutral glycans obtained after treatment with neuraminidase were separated on a normal phase HPLC column and the asialo-structures identified by sequential digestion with different exoglycosidases (Fig. 7) . The same glycan structures were obtained for both isoforms of TSC-36. These were three different completely galactosylated complex type oligosaccharides, all carrying a core fucose (Table 4) . Both isoforms show the same composition of 18 % biantennary (A2G2F), 23 % triantennary (A3G3F) and 59 % tetraantennary (A4G4F) complex type oligosaccharides. Therefore, the difference between the two isoforms is not due to different N-glycan structures but to variations in sialic acid content. amino acid residues in the EC domain, which encompass the -helix B. It also contains an additional cysteine pair which is predicted to form an additional disulfide bond, locking the EC domain in a more rigid structure (32) . Interestingly, TSC-36 shows a similar deletion of 31 amino acid residues, which even affects two -helices, B and C, in the EC domain.
During the purification of full-length TSC-36 and the EC-VWC domain pair by anion exchange chromatography we found that the recombinant proteins occur in two differently charged isoforms. In earlier studies of TSC-36 secreted by C6 glioma cells, a related heterogeneity was noticed by isoelectric focusing where TSC-36 showed a spectrum of isoelectric points ranging from 5.0-6.0 (17) . We could conclusively show that this heterogeneity is due to differential sialylation (Table 3) and that the two isoforms have an identical protein structure (Fig. 5 ) and the same oligosaccharide backbones in the same proportions ( Table 4) . Expression of TSC-36 was studied in primary chondrocytes and fibroblasts and in a variety of established cell lines of different origins (Figs 8, 9 ). All of these showed molecular masses for TSC-36 in the range of 45-55 kDa, when analysed by SDS-PAGE, indicating that the high amount (more than 20%) of glycosylation seen for the recombinant proteins is likely to be representative for naturally occuring forms of TSC-36.
The functional role of the high glycosylation and differential sialylation of TSC-36 remains unclear, but it is likely to make the protein strongly hydrophilic and it may well affect its ligand interactions.
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